As we broaden our knowledge of the mechanisms underlying the adaptive immunity, we learn to identify its malfunctioning elements posing a risk of autoimmune disorders. The latter encompass an extensive array of pathologies affecting almost all body tissues. The pathogenesis of these disorders is linked to the production of autoimmune antibodies and proliferation of effector T-cell clones that recognize self-antigens and therefore provoke inflammation both locally and systemically. In their anergic (self-tolerant) state, autoreactive T-cells have also been found in the bloodstream of healthy donors [1] where they are controlled by regulatory T cells (Tregs). The aberrant concentrations and abnormal functional activity of Tregs are among the possible causes of inflammation accompanying autoimmune disorders.
Current approaches to treating autoimmunity are based on the suppression of the immune system by therapeutic agents that directly or indirectly mitigate inflammation (see the Figure) . This article looks at therapies for autoimmune diseases that involve the use of monoclonal antibodies (MA). Such MA, as well as other genetically engineered pharmaceutical agents, are referred to as biologics in the literature published in English. Some MA have already been proved effective in managing autoimmune conditions; some are currently undergoing clinical trials.
Therapeutic MA considerably vary in terms of their mechanism of action. They can bind a soluble ligand or a receptor on the membrane of a target cell thereby blocking the interaction between the receptor and the ligand, modulating the signal from the receptor or triggering apoptosis (Fig) .
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Conversion of T-cells into Tregs
Monoclonal antibody treatment approaches for autoimmune disorders death via antibody-or complementary-dependent cellular cytotoxicity (ADCC/CDC) pathways, and provoke antigendependent phagocytosis. The mechanisms activated by the blockade of surface costimulatory receptors are fundamentally different. They suppress the signal produced in response to antigen-induced stimulation or reprogram effector T cells into Tregs. Therapeutic antibodies causing a decline in the levels of anti-inflammatory cytokines (IFNɣ, TNF, IL17, and others) or blocking cytokine receptors can only bring temporary remission depending on their clearance rate. We think that approaches based on the depletion of lymphocyte subpopulations enriched in autoreactive T cells are the most promising because they allow us to eliminate the cause of an autoimmune disease. Another interesting therapeutic strategy is based on the functional activation of regulatory T cells in order to boost the expression of inhibitory cytokines, such as IL10.
An overview of the structure of therapeutic antibodies and their application
In the past few years, the list of therapeutic antibodies has been expanded considerably to comprise drugs with selective mechanisms of action used in disease modifying therapies (DMT). The US Food and Drug Administration (FDA) has approved about 40 MA for treating various diseases including those of autoimmune nature.
As a rule, the primary products of MA synthesis require further optimization. The optimization strategies include modification of the Fc fragment aimed to extend the half-life of the obtained antibody; humanization by altering the amino acid sequence (this ensures the similarity of the synthetic structure to human antibodies and therefore reduces the immunogenicity of the drug); the use of special cell lines for antibody synthesis deficient in glycosylation enzymes, which helps to enhance the cytotoxicity of the end product. The cytotoxicity of nonfucosylated therapeutic antibodies is 500-1,000 times higher than that of the same antibodies with a high degree of glycosylation [2] . Recently, there have been proposals to introduce modifications to the Fc-fragment to avoid a wide range of adverse effects caused by inflammatory cytokines that are released in response to the massive death of effector cells that accompanies the use of therapeutic antibodies against surface markers found in many cell types.
Monoclonal antibodies against cytokines and inflammatory factors
The first MA approved in 2002 by FDA for the treatment of inflammatory diseases (mostly autoimmune) were anti-TNF (tumor necrosis factor) antibodies. Recently, the list of therapeutic targets has been upgraded with a number of cytokines, including IL1, IL6, IL12, IL15, IL17, IL18, and IL23, associated with autoimmune pathology. The efficacy of the MA designed to fight various autoimmune disorders has been discussed in a few review articles [3, 4] .
TNF is one of the primary inducers of inflammation in the cytokine cascade; therefore, its inhibitors can cause nonspecific inflammation in patients suffering from autoimmune disorders, such as rheumatoid arthritis or RA, ankylosing spondylitis, psoriasis, Crohn's disease, etc. Today, 4 MA against TNF are available clinically: infliximab, golimumab, certolizumab, and adalimumab. They are different in their humanization degree and the site they target. These drugs are widely used to manage rheumatoid disorders of autoimmune nature, including ankylosing spondylitis. TNF inhibitors slow down the progression of this disease but cannot prevent it from happening. However, not every patient responds to anti-TNF therapy. For example, one-third of patients with RA do not show any improvement when treated with TNF inhibitors. No therapeutic effect is also observed in patients with multiple sclerosis.
Unfortunately, the use of anti-TNF MA contributes to the risk of cancer and infection. In addition, TNF blockade does not cause any decline in IL1 implicated in cartilage degradation and joint erosion, which was demonstrated in mice with experimental RA [5] .
Proinflammatory IL1 is another therapeutic target. We still think, though, that unlike anakinra (the antagonist of the IL1 receptor), MA against IL1 may not find wide application in clinical practice. For example, an anti-IL1β drug gevokizumab has proved ineffective against noninfectious uveitis (the symptom of Behcet's disease). Another fully human anti-IL1β antibody (IgG1, canakinumab) has recently completed a phase III clinical trial [6] . Although it was able to induce therapeutic response in less than half of patients with RA and juvenile idiopathic arthritis (JIA) [7] , it was still approved by FDA for the treatment of JIA and the cryopyrin-associated periodic syndrome (CAPS). Sustained remission was observed in 97% of patients with CAPS after a single dose of the drug; the adverse reactions were very mild [8, 9] .
Another effective strategy for treating autoimmune disorders relies on the blockade of cytokines involved in the activation or differentiation of Th1-and Th17-cell populations associated with the pathogenesis of many autoimmune diseases. IL6 is an example of such proinflammatory factors that together with IL23 and TGFβ triggers differentiation of naïve CD4
+ -lymphocytes into Th17 cells [10] . Normally, Th17 cells participate in the immune response to bacterial and fungal infections. Hyperactive Th17 excessively produce IL17, GM-CSF, and IL21, promoting inflammation. The Th17/Tregs imbalance is observed in systemic lupus erythematosus (SLE), in the peripheral blood of patients with RA, at inflammation sites in patients with JIA, type 1 diabetes and Crohn's disease [11, 12] .
One of the most effective drugs capable of inhibiting IL6 is tocilizumab (IgG1). It is a monoclonal antibody against the β-chain of the IL6 receptor that competes for this receptor preventing its binding to IL6. The drug has been proved safe and highly effective for the treatment of RA and JIA. The same level of efficacy has been demonstrated by olokizumab (a humanized antibody against IL6) that successfully completed a phase II clinical trial in 2017.
IL6 blockade by tocilizumab leads to an increase in the proportion of Tregs in the population of CD4 + -cells both in mice with experimental EAE and patients with RA. This correlates with marked remission observed in such patients [13] . The therapeutic effect of these MA against IL6 relies on the methylation of the Foxp3 promoter induced by IL6, which leads to a decline in the functional activity of Tregs [14] . IL6 plays an important role in the immune response to bacterial infection in healthy individuals. It also exhibits protective properties in patients with liver/neural tissue injuries. It should be born in mind, though, that the prolonged intake of MA against IL6 can increase sensitivity to bacterial and viral infections and poses a risk of death in people with liver cirrhosis and strokes.
The blockade of interleukins or their receptors by MA can have a better therapeutic effect than methotrexate-based treatment or the use of other immunosuppressive drugs. Sadly, it is associated with a number of adverse effects (infections, pharyngitis, etc.). The drugs described above alleviate the symptoms of autoimmune diseases and sometimes slow down their progression, but cannot eliminate their cause ensuring only temporary remission.
Blockade of cell response
At the cell level, autoimmunity can be suppressed by the MA that specifically recognize unique receptors marking certain cell populations (CD2, CD3, CD4, CD8, CD19, CD20, and CD22). This treatment strategy, however, leads to the inhibition of the entire subpopulation of lymphocytes, affects healthy cells and causes serious immune suppression.
CD3
The MA against CD3 perform well in the mouse models of autoimmune diseases, including autoimmune encephalitis, TNP-KLH-induced colitis, and collagen-induced arthritis. The therapeutic effect of these antibodies can be explained by a few different yet noncontradictory mechanisms. Anti-CD3 MA bind to the ξ-subunit of CD3, and the entire CD3-complex is then internalized or blocked. As a result, the T cell temporarily stops to respond to antigens presented to it. Anti-CD3 antibodies are also reported to cause apoptosis of activated T cells [15] .
Teplizumab and otelixizumab (ChAglyCD3) are another pair of antibodies against CD3. They are capable of halting (not permanently, though) the death of insulin-producing β-cells in patients with type I diabetes [16] . Currently, teplizumab is undergoing a phase III clinical trial (TrialNet) that has recruited over 500 patients with stage 2 of diabetes.
Nondepleting antibodies against CD4 and CD8
A few research works have been published recently on the use of nondepleting monoclonal antibodies against the coreceptors CD4 and CD8. The efficacy of the drugs has been demonstrated in mice with experimentally induced type 1 diabetes [17] . The mechanism of their action is based on the specific interaction with surface receptors of lymphocytes that prevents activation of the immune response. Cell depletion does not occur because the Fc-fragment of MA is unable to bind the Fc-receptor of the recipient and, therefore, does not cause cell death. The mice who received nondepleting MA went into long-term remission (over 20 days) characterized by the reduction in the hyperproduction of IL2 and IFNγ.
Anti-CD20
An anti-CD20 MA known as rituximab (Mabthera) has turned to be highly effective against some autoimmune diseases, such as autoimmune vasculitis, antiphospholipid syndrome, myasthenia gravis, RA, SLE, and multiple sclerosis. The therapeutic effect of the drug is based on the depletion of B cells and lasts for 6 months. In many patients, the response to rituximab is delayed: it is often registered a few months after the intravenous infusion of the drug. A few possible explanations have been proposed: 1) the rate of B-cell clearance from the body varies from patient to patient; 2) the half-life of a plasma cell can affect the rate of response because the cell does not carry CD20 on its surface and keeps secreting antibodies; 3) in some patients even low concentrations of autoimmune antibodies can trigger pathology, delaying response to therapy until the antibodies are cleared from the body. The efficacy of rituximab is comparable or higher than that of immunosuppressants, such as cyclophosphamide, azathioprine, etc. However, rituximab ensures long term remission in as few as 20% of patients. Among the adverse reactions accompanying the rituximab-based regimens are sensitivity to infection, hypogammaglobulinemia and neutropenia [18, 19] . In the studies mentioned above rituximab was prescribed to patients with severe RA whose conventional treatment with glucocorticoids and cytotoxic agents had failed. It is likely that rituximab not only induces depletion of B lymphocytes, but also leads to the elimination of CD20 + -Th17-effector cells whose proportion is quite high in the blood of patients with RA, which explains the therapeutic effect of the drug [20] . Another possible mechanism exploited by the anti-CD20 therapy is associated with active production of IL6 by B cells: IL6 stimulates the differentiation of T-cell precursors into Th17 and inhibits their conversion into Тregs [21, 22] . Another humanized anti-CD20 antibody known by the name of ocrelizumab has successfully completed its clinical trials and is now approved by FDA for the treatment of multiple sclerosis; it reduces the number of lesions and slows down the progression of the disease [23] .
Immune therapy: reprogramming T cells into Tregs
Тregs ensure immune tolerance in the peripheral organs by attenuating the immune response and bringing autoimmune reactions to a halt [24] . Tregs secrete anti-inflammatory cytokines IL10, TGFβ, and IL35, activate granzyme/perforin pathways mediating the apoptosis of effector cells, and inhibit dendritic cell functions. On the one hand, attempts to intentionally elevate the blood levels of Tregs or stimulate hyperproduction of suppressor cytokines can be regarded as an approach to treating autoimmune diseases. On the other hand, hyperactivity of Tregs leads to the suppression of the immune response and promotes malignancy. A new drug tregalizumab based on nondepleting MA was tested in 2016; it binds the unique epitope on the CD4 molecule, causing CD4 + -lymphocytes to differentiate into Treg cells.
We believe that combination therapy should be a preferred treatment modality in patients with autoimmune disorders. Such therapy should include the targeted elimination of T-or B-cell clones associated with autoimmunity. The treatment regimen can be based on the consecutive administration of several biologics that target different components of the immune response. For example, cytokine inhibitors and depleting MA can be used as a first-line therapy, as proposed recently. The second-line therapy could include inhibitors of CD28 costimulation mediators or of homeostatic cytokines [25] . Recent studies have demonstrated that inhibition of homeostatic cytokines such as IL15 or IL7 can be a promising approach to the therapy of autoimmune diseases [26] .
So far, identification of unique markers of autoimmune inflammation remains an unsolved problem. T-and B-cell receptors (TCR, BCR) present on the surface of autoreactive lymphocytes can serve as such markers. The search for pathology-associated receptors can start from the sequencing of TCR and BCR repertoires of peripheral blood lymphocytes, as well as of lymphocytes isolated from the sites of inflammation, followed by the comparative analysis of TCR and BCR repertoires of healthy donors and disease-stricken individuals. Today, we know the structure of TCR potentially implicated in the celiac disease and ankylosing spondylitis [27] [28] [29] . Our team has established the structure of TCR associated with ankylosing spondylitis [28] ; our findings were independently confirmed by our British colleagues [29] . We showed that the pathological T-cell clone carries a variable gene segment TRBV9 and synthesized МА that specifically bind and deplete T cells carrying the TCR associated with ankylosing spondylitis in vitro [30] . The described approach to designing novel therapeutic agents and the MA we synthesized may be a good platform for the development of drugs against autoimmune disorders in general and ankylosing spondilitis in particular.
CONCLUSIONS
Massive sequencing of immune repertoires of healthy donors and patients with severe autoimmune disorders, including multiple sclerosis and type 1 diabetes, followed by HLA-typing paves the way to the identification of new targets for immune therapies.
in multiple sclerosis therapy. Ther Adv Neurol Disord. 2018; (11) Cancer immunotherapy with T-cells that carry chimeric antigen receptors is currently on cutting edge of modern oncology. Autotransplantation of T-lymphocytes with chimeric receptor specific for certain tumor antigen proves to be clinically effective, but costly. Linear carriers of chimeric antigen receptors based on natural killer NK-92 cell culture may be an affordable alternative, however, this culture is resistant to lentiviral transduction. Recently, lentiviral vectors, pseudotyped with surface glycoproteins of the measles virus vaccine strain, have recently been successfully applied for transduction of primary immune cells. The aim of the work was to assess the efficiency of transduction of NK-92 cells with lentivirus vectors, pseudotyped with measles F and H surface glycoproteins, as well as to establish optimal conditions for selection of NK-92 transduced with the chimeric receptor against CD20 and to evaluate the culture's cytotoxic potential. The results showed that the maximum infectious titer is achieved using the H∆18 variant in combination with F∆30, and the use of the TBK1/IKKɛ inhibitor BX795 results in additional 3-fold increase in the infectious titer. CAR-expressing NK-92 were able to suppress the proliferation of CD20 + cell line Raji in lower effector-to-target ratios than unmodified NK-92.
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